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Background: By-products of water disinfectants have been suggested to cause asthma, especially in atopic children.
However, studies on indoor swimming pool attendance and asthma in children have presented conflicting results. The
present study examined the relationship between indoor swimming pool attendance and asthma among sensitized and
non-sensitized children aged 11-12 years.
Methods: An extended ISAAC questionnaire was sent to the families of all children attending fifth or sixth grade, aged
11-12 years, in two municipalities in Northern Sweden in 2010. A total of 1866 participated (96% of those invited) in the
questionnaire study and 1652 (89%) also participated in skin prick testing for 10 standard airborne allergens. Asthma was
defined as physician-diagnosed asthma in combination with wheeze or use of asthma medication in the last 12 months.
Current swimming pool attendance was reported as ≥1/week or <1/week. Logistic regression models were used
for data analysis.
Results: The prevalence of current asthma was 8.9% (10.0% of boys; 7.9% of girls) and 14% had attended indoor
pools ≥1/week. Children currently attending swimming pools ≥1/week had an increased risk of current asthma.
Stratified analyses for allergic sensitization adjusted for sex, parental smoking, parental asthma, and damp housing,
showed a statistically significant association for current asthma only among sensitized subjects (OR 95% CI 1.90
1.09-3.32). No association was found between current pool attendance and wheeze, sensitization, rhinitis or eczema.
Conclusions: The present study supports the proposed link between indoor swimming pool attendance and asthma in
sensitized children.
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Globally, asthma is the fourth most important cause of
disability-adjusted life years (DALYs) in the 10–14 year age
group [1]. Many environmental risk factors for childhood
asthma have been identified, including traffic-related air
pollution [2,3], early exposure to damp housing [4], and
parental tobacco smoking [5-7]. Knowledge about environ-
mental risk factors is important, as it may provide increased
opportunities for prevention. Exposure to indoor swimming
pools and water disinfectant by-products (DBPs), for ex-
ample, trichloramines [8], has been suggested as a cause of* Correspondence: martin.andersson@envmed.umu.se
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unless otherwise stated.asthma [9-11]. However, a review conducted in 2009 found
that the evidence of an association was suggestive rather
than conclusive [12]. In addition, recent studies show con-
flicting results [11,13-15].
Swimming has beneficial health effects, such as increased
physical activity in children. However, if there is a causal
relationship between exposure to DBPs and childhood
asthma, failing to take precautionary steps may lead to
new-onset asthma. This risk indicates that more research in
this area is warranted [12]. In 2006, the second Obstructive
Lung Disease in Northern Sweden (OLIN) pediatric cohort
was established, and data regarding prevalence and risk fac-
tors for asthma, wheeze, and allergic sensitization have
been reported [3,16-18]. In the 2010 follow-up of the co-
hort, a question on indoor swimming pool attendance wastral. This is an Open Access article distributed under the terms of the Creative
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vestigate the association between exposure to indoor swim-
ming pool environments and asthma and allergy in a large
and well-characterized cohort of 11-12 year old children.
Methods
The OLIN pediatric cohort II
The second OLIN pediatric cohort was recruited in
2006 and comprised 2585 children. The study area con-
sisted of the municipalities of Luleå, Kiruna, and Piteå in
northern Sweden. All children in the first and second
grade of primary school, aged 7-8 years, were invited
and their parents answered a questionnaire. The ques-
tionnaire [16] included the ISAAC (The International
Study on Asthma and Allergy in Childhood) core ques-
tions on asthma symptoms and allergy [19]. Specific
questions on environmental factors, heredity, physician-
diagnoses, and medication for asthma and allergy were
added [16].
The close collaboration between the OLIN study
group and the schools in the study area contributed to a
high participation rate, 96% [16,17]. The self-reported
physician-diagnosis of asthma among 7-8 year old chil-
dren were validated by an asthma questionnaire and
pediatric assessment in the same study area, with a sen-
sitivity of 70% and specificity of >99% [20].
The study design
The cohort was re-surveyed in 2010 with all children,
now in fifth and sixth grade, 11-12 years old, invited to
participate. The children’s parents were asked to complete
the same questionnaire as in 2006, and 95% participated
(n = 2612). For the present study, only children in the
municipalities of Luleå and Kiruna (n = 1866; 96% of in-
vited) were included as skin prick tests (n = 1652; 89%)
were only performed in these cities. In the 2010 question-
naire, a question on current indoor swimming pool at-
tendance was added. This allowed a cross-sectional
analysis to be performed on the association between at-
tending indoor swimming pools and symptoms and diag-
noses of asthma and allergy at age 11-12 years. The study
was approved by the Regional Ethical Review Board at
Umeå University, Sweden.
Skin prick testing
Skin prick tests (SPT) following the European Academy
of Allergy and Clinical Immunology (EAACI) method
were performed in 2010 at the age of 11-12 years [21].
Ten standard airborne allergens were tested for (birch,
timothy, mugwort, cat, dog, horse, two molds and two
mites). A mean wheal diameter ≥3 mm for a specific al-
lergen was regarded as a positive test. The SPT results
has been validated against serum-IgE in this cohort [16].Definitions
Current wheeze: “Has your child had wheezing or whist-
ling in the chest in the last 12 months?” [19]
Physician-diagnosed asthma: “Has your child been diag-
nosed by a physician as having asthma?” [16]
Current medication: Use of any kind of asthma medi-
cine in the last 12 months [16].
Current asthma: Physician-diagnosed asthma and either
current wheeze or current medication [16].
Allergic sensitization: Any positive SPT.
Allergic rhinitis: “Has the child during the last 12 months
had sneezing, runny nose or nasal obstruction without hav-
ing had a common cold?” [19]
Parental smoking: Father or mother smokes [16].
Parental asthma: Father or mother with asthma [16].
Damp housing: Previously or currently living in a damp
building [16].
Swimming pool attendance: “How often do you go to an
indoor swimming pool?”
The alternatives were: Never or a few times each year;
some time every month; some time every week; and
three times or more every week. The answers were di-
chotomized as ≥1/week and <1/week.
Statistical analysis
Odds ratios (OR) with 95% confidence intervals (95% CI)
were calculated in binary logistic regression analyses.
These were performed for all children and separately for
sensitized and non-sensitized children. Subsequent multi-
variate analyses were adjusted for sex, parental smoking,
parental asthma, and damp housing. Comparisons of
prevalence across groups were performed with Chi-square
tests, or Mantel-Haenszel test for trend where appropriate.
All analyses were executed in the SPSS software (v.22,
Chicago, IL, USA).
Results
The characteristics of the study population are presented in
Table 1. The prevalence of allergic sensitization to at least
one allergen was 39.9% and 10.9% had physician-diagnosed
asthma, both significantly more common among boys.
Current asthma was reported by 8.9%. The prevalence of
currently attending indoor swimming pools were: never/
some time every year 32.0%; some time every month 54.0%;
some time every week 12.4%; three times a week or more
1.5%. Thus, 14.0% had attended an indoor swimming pool
once a week or more.
In the bivariate analyses, indoor swimming pool attendance
was significantly associated with both physician-diagnosed
and current asthma (OR 1.49, 95% CI 1.02–2.18 and OR
1.54, 95% CI 1.02–2.31, respectively), but not with current
wheeze (OR 1.02, 95% CI 0.67–1.56). There was no associ-
ation between indoor swimming and allergic sensitization
(OR 1.12 95% CI 0.84-1.48). When stratified according to
Table 1 Characteristics of the study population
Sensitized children
(n = 659) %
Non-sensitized children
(n = 993) %
All children
(n = 1866) %
Difference by sensitization status
p-value
Male sex 56.8 47.2 51.0 <0.001
Current wheeze 20.0 5.1 10.7 <0.001
Physician-diagnosed asthma 19.7 5.9 10.9 <0.001
Current asthma 17.1 4.1 8.9 <0.001
Current asthma medication 25.0 7.8 13.8 <0.001
Allergic sensitization - - 39.9 -
Current rhinitis 46.1 10.4 23.3 <0.001
Physician-diagnosed rhinitis 25.5 2.3 11.2 <0.001
Current eczema 30.8 16.8 21.2 <0.001
Physician-diagnosed eczema 24.7 10.2 15.3 <0.001
Parental asthma 31.0 20.7 24.0 <0.001
Parental smoking 20.5 21.7 21.1 0.545
Damp housing 11.9 9.6 10.8 0.141
Swimming pool attendance ≥1/week 15.1 13.7 14.0 0.436
Prevalence (%) of conditions, risk factors and environmental factors in the OLIN pediatric cohort 2010. Data are presented separately for all children in the study
population and the children in the study population by sensitization status. P value calculated by Chi-square test.
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current asthma among sensitized children were signifi-
cantly associated with indoor swimming (OR 2.01, 95% CI
1.24–3.25 and OR 2.08, 95% CI 1.26–3.43, respectively),
while among non-sensitized children no significant associ-
ations were found.
In order to assess a possible-dose response trend, the
exposure variable (currently attending indoor swimming
pools) was classified into three groups: never/some time
every year; some time every month and some time every
week or more. A significant association between current
asthma and the frequency of attending indoor swimming
pools was found (Table 2).
Adjusted analyses
The analyses of indoor swimming pool attendance in re-
lation to asthma, rhinitis and eczema were adjusted for
sex, parental smoking, parental asthma, and damp hous-
ing. The results did not change markedly from those of
the bivariate analyses and none of the covariables ad-
justed for were associated with swimming pool attend-
ance. These analyses were also conducted separately forTable 2 The risk of asthma and current wheeze in relation to






*Test for trend conducted by Mantel-Haenszel test.
Results presented as the prevalence of asthma and wheeze, respectively, by frequesensitized and non-sensitized children (Figure 1 and
Table 3). Testing for statistical interaction between
sensitization and swimming pool attendance was per-
formed and showed borderline statistical significance
(p 0.056).
In sensitized children, indoor swimming pool attend-
ance was significantly associated with physician-diagnosed
and current asthma (OR 1.93, 95% CI 1.13–3.31 and OR
1.90, 95% CI 1.09–3.32, respectively). Current wheeze was
not significantly associated with attending swimming
pools more than once per week (OR 1.16, 95% CI 0.66–
2.02).
Among non-sensitized children there were no signifi-
cant associations between pool attendance and physician-
diagnosed asthma (OR 1.04, 95% CI 0.44–2.45), current
asthma (OR 0.84, 95% CI 0.28–2.57), or current wheeze
(OR 0.83, 95% CI 0.31–2.22) (Table 3).
Indoor swimming pool attendance were not associ-
ated with current rhinitis (OR 1.29, 95% CI 0.94–1.77),
or physician-diagnosed rhinitis (OR 1.05, 95% CI 0.68–
1.61). In addition, there was no association between swim-










ncy of attending indoor swimming pools.
Figure 1 Attending indoor swimming pools ≥1/week in relation to current asthma, and current wheeze, respectively. Risk expressed as adjusted
odds ratios (OR 95% CI), calculated by multiple logistic regression and adjusted for sex, parental asthma, parental smoking and damp housing.
The results are presented for all children in the study population and for sensitized and non-sensitized children separately.
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95% CI 0.69–1.48). There were no significant correlations
between swimming pool attendance and neither rhinitis
nor eczema when stratified according to sensitization
status.
Discussion
The present study found an increased risk of asthma in
sensitized children currently attending indoor swimming
pools once a week or more. The increased risk was also
present after adjusting for sex, parental smoking, paren-
tal asthma, and damp housing. If this finding represents
a true causality, consideration of changes in indoor
swimming pool environments are an important area for
public health interventions. Preventing asthma among
sensitized children is warranted, as sensitization is a
strong risk factor for persistence of asthma in adoles-
cence [22,23].
The chlorinated pool hypothesis is controversial, and
the results of previous studies are considered inconclu-
sive [12]. There are few large population-based studiesTable 3 The risk of asthma and other conditions in relation to
Sensitized children (n = 659)
Physician-diagnosed asthma 1.93 1.13-3.31
Current asthma 1.90 1.09-3.32
Current wheeze 1.16 0.66-2.02
Physician-diagnosed rhinitis 1.21 0.73-2.00
Current rhinitis 1.21 0.76-1.91
Physician-diagnosed eczema 1.19 0.72-1.99
Current eczema 0.68 0.40-1.15
The analyses have been adjusted for sex, parental asthma, parental smoking and da
pools ≥1/week.
Risk estimates express as Odds Ratios (OR) with 95% confidence intervals (CI). Data
children in the study population by sensitization status.on the risk of childhood asthma in relation to indoor
swimming pool attendance [12-14]. The present study is
one of the first studies to investigate this topic in the
Nordic countries [24]. An increased risk of asthma has
been found in a smaller study where the exposure to
trichloramine was estimated to 0.3–0.5 mg/m3 [10].
Conversely, large population-based studies have not ob-
served any respiratory health effects to date, and these
studies have neither found any interaction between
swimming pool attendance and sensitization on asthma
[13-15]. In one of these studies [13] trichloramine was
measured, but there were lower trichloramine levels
than what has previously been measured in northern
Sweden [25].
The chlorinated pool hypothesis suggests that by-
products of water disinfectants, especially trichloramine,
may cause asthma by damaging the respiratory epithe-
lium. This epithelial damage could be facilitated by an
existent sensitization to aeroallergens or increase the
risk of sensitization in non-atopic children by reducing
the protective properties of the pulmonary epitheliumindoor swimming pool attendance
Non-sensitized children (n = 993) All children (n = 1866)
1.04 0.44-2.45 1.55 1.02-2.36
0.84 0.28-2.57 1.57 1.00-2.48
0.83 0.31-2.22 1.08 0.69-1.70
0.32 0.04-2.39 1.05 0.68-1.61
1.62 0.93-2.82 1.29 0.94-1.77
0.74 0.37-1.47 1.01 0.69-1.48
0.99 0.60-1.64 0.88 0.62-1.24
mp housing. The exposure variable was currently attending indoor swimming
are presented separately for all children in the study population and the
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tegrity was found among non-allergic subjects exposed
to pool environments [25], indicating that an interaction
may be required in order to cause an effect.
In the present study, the association between asthma
and indoor swimming pool attendance was restricted to
sensitized children. This finding was interesting, as
atopic children attending or not attending pool envi-
ronments have a strong and consistent risk factor for
asthma in epidemiological studies; namely, allergic
sensitization. However, a Belgian study reported an in-
creased risk of childhood asthma only in atopic chil-
dren with a total IgE of >100 kIU/L [10]. A previous
study from Sweden found no effect on biomarkers of
epithelial integrity among 37 non-allergic volunteers
with low IgE values after exposure to pool environ-
ments [25]. These observations align with the present
results. In a study by Kohlhammer et al. there was
an increased risk of hay fever in an adult population
from school age exposure [29]. In addition, eczema has
been linked to swimming pool attendance [13,30].
While these findings support an interaction between
pool exposure and sensitization, caution is warranted
when interpreting the results, as the testing for statis-
tical interaction was only borderline significant and as
there are inconsistent results on lung epithelium bio-
markers and asthma after swimming, also among atopic
children [13-15,31].
In the present study, rhinitis and eczema were not sig-
nificantly associated with swimming pool attendance. A
possible explanation is that rhinitis and eczema are more
probable outcomes in other age groups; rhinitis in adult-
hood [29], and eczema in early childhood [30]. The
negative association between eczema in atopic children
and swimming pool attendance could also indicate that
these children avoid indoor swimming pools because of
the well-known negative impact of water on eczema.
However, Font-Ribera et al. found an increased risk of
eczema in a similar age group as the present study [13].
In our study, although the risk was slightly elevated,
current wheeze was not significantly associated with in-
door swimming pool attendance. Current wheeze is
often covariate to physician-diagnosed asthma in epi-
demiological studies in childhood, but it is less specific
than a physician-diagnosis of asthma and may also rep-
resent other and temporary conditions, for example, re-
spiratory infections. The lack of association between
current wheeze and swimming pool attendance in the
present study could be the result of such a dilution ef-
fect. Another possible explanation for these findings is
that if swimming pool attendance causes asthma and
wheezing at an early age [24], children at 12 years of age
may have remitted from wheezing while retaining the
asthma diagnosis into school age. However, this is lesslikely given the present study found an equally strong asso-
ciation between pool attendance and current asthma (i.e.,
asthma with current wheeze or current medication) as be-
tween pool attendance and physician-diagnosed asthma.
The exposure assessment in our study was based on
parental reports from the questionnaire. To allow stat-
istical tests to be performed, the reported exposure to
indoor swimming pools was dichotomized with attend-
ance of ≥ 1 time/week as the exposed group. This aimed
to designate the exposed group in such a way that it in-
cluded about one tenth of the population. Swimming
once a week or more has also been used as an exposure
variable in other population-based studies [14], al-
though it should be remembered that in our study,
swimming was specified as in indoor pools. While no
measurements were done in the present study, a mean
level of 0.21 mg/m3 of trichloramine (ranging from
0.09–0.32) has been reported from other indoor pools
in Northern Sweden [25]. A strong association between
swimming pool attendance and asthma among sensi-
tized children was found, despite the lack of a detailed
exposure assessment. However, our analyses regarding
frequency of swimming pool attendance results indicate
a dose-response effect. This means that the risk may be
underestimated. In future studies, better exposure as-
sessments are needed; for example objective measure-
ments of trichloramines and other chemicals as well as
obtaining detailed exposure histories.
The present results are strengthened by the population-
based study design and the large number of participating
children. Further, the participation rate of 96% is high and
ensures that the study sample was representative. The
self-reported physician-diagnose of asthma was validated
[20] and the questionnaire was based on the well-
established and valid ISAAC questions and methodology
[19]. The children are well characterized as to possible
confounding factors and co-morbidities [16]. However, the
information on socioeconomic status, e.g. family income,
was limited because such questions was considered to risk
a lower participation rate by being perceived as intrusive.
Instead, we choose to use damp housing as a proxy vari-
able for socioeconomic status. Further, the socioeconomic
differences in northern Sweden are relatively small. Also
other unmeasured confounding, e.g. vehicle traffic ex-
posure or physical activity, cannot be excluded. How-
ever, such possible factors still seem to mainly affect
atopic children according to our results. For example,
there could be an association between living in a city
with much vehicle traffic and having a swimming pool
establishment within close distance. In this study, we do
not have the data to adjust for this possible cofounding
factor. A previous study in the same area however found
no association between vehicle traffic and asthma among
atopic children [3].
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First, data collection relied on self-reported exposure
assessments of indoor pool attendance and second, the
study design was cross-sectional. Therefore, completely
ruling out reverse causation or recall bias in our results
are not possible, especially so as there was no informa-
tion on historical exposure to swimming pools, e.g. in-
fant swimming. However, the association between
asthma and swimming pool attendance was only seen
among sensitized children, so is hard to dismiss as being
caused by reverse causation or recall bias. If physicians
recommend their patients with asthma to attend swim-
ming pools as a way of exercising, it is unlikely that they
would consistently only make this recommendation to
atopic children. It is also unlikely that only atopic chil-
dren with asthma would over-report their swimming
pool attendance. While public awareness on asthma in
relation to swimming pools cannot be excluded, recom-
mendations on swimming pool exercise to asthmatic
children is, in our experience, not common in Sweden.Conclusions
Our study supports the proposed link between indoor
swimming pool attendance and asthma in sensitized
children. Future studies should explore the risk for
atopic and non-atopic children separately.Abbreviations
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